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A  Bibliography  on  the  Corrosion  and  Protection  of  Steel  in  Concrete 

E.  Escalante  and  S.  Ito* 


This  is  a  bibliographic  list  of  references  of  published  papers,  reports,  and  talks  about  the 
corrosion  of  steel  in  concrete  and  related  subjects.  The  references  are  presented  in  two  forms: 
1)  a  subject  index  divided  into  six  major  subheadings  including  reviews,  factors  affecting  corrosion, 
measurement  techniques,  protection  techniques,  concrete  design,  and  related  fields,  and  2)  an 
author  index  in  alphabetical  form.  A  total  of  394  references  are  listed  covering  the  period  from 
1964  to  November  1978. 

Key  words:  Bridge  deck;  concrete;  corrosion;  corrosion  of  steel;  rebar  corrosion;  reinforced 
concrete. 


1.  Introduction 

The  corrosion  of  steel  in  concrete  and  the  resulting 
damage  to  structures  continue  to  be  a  problem  of 
increasing  magnitude.  The  situation  is  further  aggra- 
vated where  deicing  salts  containing  chlorides  are 
used,  and  it  is  of  particular  concern  in  the  case  of 
highway  bridge  decks.  Too  often  the  corrosion  of 
steel  causing  the  concrete  structure  to  deteriorate  is 
evident  only  after  extensive  damage  has  occurred. 
As  new  designs  in  materials  and  construction  are 
used,  a  system  should  be  developed  for  evaluating  the 
deterioration  of  the  steel  before  structure  failure 
occurs. 

Considerable  research  has  been  conducted  on  the 
corrosion  of  steel  in  concrete.  The  effect  and  inter- 
action of  pH,  chloride  concentration,  moisture  content, 
and  oxygen  in  concrete  have  been  investigated  by 
various  groups,  but  because  of  the  complexity  of  the 
problem,  many  questions  remain  unanswered. 

This  is  a  survey  report  on  the  literature  of  the  cor- 
rosion of  steel  in  concrete  covering  the  period  from 
1964  to  November  1978.  The  references  are  presented 
in  two  forms.  First  is  a  Subject  Index  in  which  the 
references  are  identified  by  a  number  under  subhead- 
ings. These  numbers  refer  to  the  second  form  of  the 
references  which  is  an  alphabetical  listing  of  the 
authors  numbered  from  1  to  394  entitled  Author  Index. 

The  Subject  Index  is  divided  into  six  subheadings 
which  are  listed  and  described  as  follows: 

I.  General  Survey  and  Review  (14  entries) 

Over  the  past  10-15  years,  the  deterioration  of  con- 
crete structures  has  increased  considerably.  The  1969 
annual  total  cost  estimated  for  restoration  and  protec- 
tion of  bridges  on  the  interstate  road  system  was  $2.6 
billion.  These  entries  describe  the  different  environ- 
ments that  concrete  structures  encounter  in  a  stressed 
and  unstressed  condition  and  case  histories  of  prob- 
lems that  have  developed. 

II.  Research  on  Factors  Affecting  the  Corrosion  of 
Steel  in  Concrete   (111  entries) 

The  corrosion  of  steel  in  concrete  is  a  complex  phe- 
nomenon. However,  four  factors  can  be  identified  as 
having  a  direct  effect  on  the  observed  deterioration. 
These  are,  1 )  pH  of  the  concrete,  2 )  chloride  concen- 
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tration,  3)  oxygen  concentration,  and  4)  moisture. 
This  index  reveals  that  many  studies  have  been  con- 
ducted on  chloride  and  its  effects  while  considerably 
less  work  has  been  reported  on  the  effects  of  pH,  oxy- 
gen, and  moisture.  Furthermore,  stress  corrosion  of 
steel  in  concrete  has  not  been  reported  to  be  a  serious 
problem  in  the  United  States  as  it  has  in  other 
countries. 

Questions  remain  on  just  how  the  above  factors 
interact  with  each  other  resulting  in  the  corrosion  of 
steel  in  concrete. 

III.  Detection  and  Measurement  Techniques 
(22  entries) 

Evaluating  the  corrosion  of  steel  in  concrete  before 
external  signs  show  has  been  difficult.  An  empirical 
technique  widely  used  is  making  half  cell  potential 
measurements  over  the  surface  of  a  bridge  deck.  More 
recently  other  techniques,  such  as  ac  impedance  and 
the  various  polarization  methods  have  been  reported 
as  showing  promise  in  laboratory  studies.  Commercial 
instrumentation  is  now  available  for  evaluating  the 
deterioration  of  small  metal  probes  that  can  be  im- 
bedded in  concrete  in  close  proximity  to  the  metal  of 
interest. 

IV.  Corrosion  Protection  Techniques  (75  entries) 

A  variety  of  corrosion  protection  systems  have  been 
developed.  These  range  from  modifications  of  the 
chemistry  of  the  concrete  to  isolating  the  steel  from 
its  environment  through  the  use  of  coatings.  Electro- 
chemical techniques  such  as  cathodic  protection  have 
also  been  used.  The  application  of  a  satisfactory  pro- 
tection system  to  an  existing  structure  is  yet  to  be  de- 
veloped though  some  advances  have  been  reported. 

V.  The  effect  of  Concrete  Mixture,  Admixture,  and 
Structural  Design  on  the  corrosion  of  steel  (107 
entries) 

The  environment  in  which  the  structural  steel  finds 
itself  is  the  dominating  factor  in  the  resulting  corro- 
sion that  it  suffers.  Already  mentioned  are  some  of 
the  chemical  parameters  that  are  a  part  of  this  environ- 
ment. It  has  been  reported  that  the  design  of  the  con- 
crete mixture  has  a  very  important  influence  on  these 
parameters.  The  entries  in  this  section  discuss  the 
effect  of  water  to  concrete  ratios,  additives  that  serve 
as  barriers  to  chloride,  shrinkage  compensation,  and 
others. 
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VI.  Other  fields  Relating  to  the  Corrosion  of  Steel  in 
Concrete  (31  entries) 

The  experiences  gained  in  other  areas  such  as  off- 
shore concrete  structures,  desalination  plants,  rein- 
forced concrete  roofs  are  valuable.  The  conditions  to 
which  some  of  these  structures  are  subjected  are  some- 
times far  more  severe  than  those  found  on  a  bridge 
deck.  The  solutions  to  their  problems  can  be  useful 
in  gaining  a  further  insight  to  the  corrosion  of  steel 
in  concrete. 

A  large  portion  of  the  references  were  taken  from 
the  National  Technical  Information  Service  (NTIS) 
data  base  on  corrosion  of  reinforced  concrete.  These 
references  are  identified  by  an  AD  or  PB  identification 
code.  Other  references  have  been  taken  from  the  engi- 
neering data  base  also  published  by  NTIS.  Springfield, 
VA.  The  remainder,  and  the  most  up  to  date  refer- 
ences, have  been  obtained  through  manual  and  com- 
puter searches  here  in  the  National  Bureau  of  Stand- 
ards Library. 

2.  Subject  Index 

I.  General  Survey  and  Review 

18.  35,  126.  152,  201,  239.  262,  284.  293.  309. 
318,  325,  370,  388.  393. 

II.  Research  on  Factors  Affecting  the  Corrosion  of 
Steel  in  Concrete 

a)  General  Research 

17,  31,  56.  60.  62,  80,  83,  85.  102,  111,  113. 
114,  121,  134,  135.  136,  137,  143.  148,  158, 
159,  160,  181,  185,  200,  237,  246,  249,  268, 
273,  282,  287,  305.  332,  336.  337,  347,  348, 
353,  355,  357,  363,  365,  371,  375,  390. 

b)  The  Effect  of  pH  of  Concrete 
24,  25. 

c)  The  Effect  of  Chloride  Concentration  in 
Concrete 

4,  10,  11,  23,  28.  64.  66,  68.  81,  104,  129, 
130,  202,  222,  242,  263,  264,  281,  300,  307, 
308,  326,  327,  328,  334,  346.  351,  364,  377, 
383,  386,  391. 

d  )  The  Effect  of  Oxygen  Concentration  in 
Concrete 

131. 

e)   The  Effect  of  Moisture  in  Concrete 
2,  156,  193,  227. 

f  )   The  Effect  of  Stress 

6,  8,  22,  34,  36,  55,  107,  123,  124,  139,  150. 
165,  198,  210,  232,  244,  256,  259,  261,  267, 
297,  301,  302,  317,  369,  382. 


g)  Field  Studies 

19,  39,  50,  51.  52,  88.  96.  99,  108,  127,  278, 
312,  341,  368,  380. 

III.    Detection  and  Measurement  Techniques 
a)   Half  Cell  Potential  Measurements 

38,  70, 184,  211,  335,  338,  349,  350,  354. 
b  )  Electrical  Resistance  Measurement 
189. 

c)  AC  impedance  Measurements 
95. 

d)  Other 

21,  26,  47.  117.  118.  155.  194.  270,  324.  329, 
358. 


IV.     Corrosion  Protection  Techniques 

a)  Metal  Coated  Steel 

50,  84,  103, 112,  144. 145, 146. 151,  172,  176, 
217,  258,  274,  275,  276,  289,  295,  296.  340. 
366,  367,  372. 

b)  Nonmetallic  Coatings  on  Steel 

9,  12,  48.  53.  72.  73,  74,  75,  76.  77.  82,  101. 
229,  255.  280,  288.  294,  321. 

c)  Cathodic  Protection 

94.  98,  115,  116.  192.  203,  241.  314.  319,  352, 
378,  379. 

d)  Corrosion  Inhibitors 

3,  43.  86.  132.  133.  142.  21-1.  265.  271,  310, 
311,394. 

e)  Coatings  on  Concrete 

13.  40,  41.  79,  92,  164,  171,  179.  180.  245, 
291,  306. 


V.      The  Effect  of  Concrete  Mixture,  Admixture,  and 
Structural  Design  on  the  Corrosion  of  Steel 

a  )  Mixture  Design,  Admixture 

1,  14,  16.  32,  33,  37,  44,  46,  57.  59,  61,  63.  67, 
69,  89,  90,  97,  105.  106,  109,  122,  128,  138, 
140,  153.  166,  167,  168,  169,  173,  177,  187, 
196,  199,  204,  219,  221,  223,  225,  226,  231, 
233,  234,  235,  236,  240,  243,  247,  252.  254, 
269,  271,  285,  290.  298,  303,  304,  30,  331, 
339,  343,  344,  384. 

b)   Structural  Design 

5,  20.  30.  42,  49.  54.  71,  91.  93.  158,  161,  162, 
183,  186,  197,  213.  220,  228,  230,  238,  260. 
266.  277,  283,  316,  360,  373.  374,  376,  385. 
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c)   Special  Treatment  Techniques  for  Concrete 

27,  45,  58,  87,  110,  157,  182.  212,  216.  218. 
250,  251,  345,  356,  361. 

VI.    Other  Fields  Relating  to  the  Corrosion  of  Steel  in 
Concrete 

7,  15,  29,  78,  100,  119,  120,  125,  127,  141,  170, 
174,  188,  190.  191,  195,  205,  206,  207,  209,  224, 
279,  286,  299,  322,  323,  330,  362,  381,  387,  392. 
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